METHOD AND SYSTEM FORESTMATING ECONOMIC LOSSES FROM WIND STORMS CROSS REFERENCE TO RELATED APPLICATION(S)
This application claims the benefit of priority under 35 U.S.C. S119(e) of U.S. Ser. No. 61/551.498, filed Oct. 26, 2011 , the entire content of which is incorporated herein by reference.
BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates generally to estimation of economic loss distributions and measures of these distribu tions such as Average Annual Loss (AAL) and Probable Maximal Loss (PML) due to wind storms, and more specifi cally to systems and methods for estimating economic loss distributions due to tropical cyclones (hurricanes and typhoons).
2. Background Information The development of catastrophe models that can generate a loss exceedance probability curve for a portfolio greatly expands the underwriting options available to insurers. A portfolio manager can use a catastrophe model to calculate the probability that the portfolio loss will exceed a given level or to calculate the probability of experiencing a loss that exceeds the company's Survival constraint. The insurer could also examine the effect of changing deductibles and coverage limits on the existing portfolio.
An underwriter's decision to write a new account is based on the magnitude of the risk, its correlation with the existing portfolio, and the highest acceptable price that a client is willing to pay for insurance. In addition, there are factors related to what is being insured (e.g., flammability of a struc ture, performance of the structure type under wind or earth quake loads), location of the structure (e.g., distance from the coast or to active faults, potential for ground failures Such as landslides), and how much can be charged (i.e., regulatory constraints and competitive impacts on rates for a given policy form).
Given a particular event, a catastrophe model is used to calculate a ground-up loss for a particular structure within a portfolio. Since the event is random, an annual rate of occur rence is associated with the structure and, by extension, with the calculated losses. For all possible events with their occur rence rates, calculations of all losses associated with each event can be completed.
Recently, catastrophe risk management companies have become increasingly interested in modeling the wind field of a landfalling hurricane at the highest level possible. A high resolution wind field model is a critical component for assess ing prospective property losses in affected coastal and inland areas. During a landfalling hurricane, the wind speeds at a particular location change direction and intensity as the hur ricane approaches, and are further impacted by Surface rough ness features upwind as the storm interacts with land. In order to model wind speeds as accurately as necessary to assess property losses, a high degree of precision in modeling terrain and land use features is required.
Industry standard catastrophe models, such as the HaZus Hurricane Model, use various methods for estimating rough ness length based on Land Use Land Cover (LULC) type for an area from one of several available government databases, and then assigning a roughness length to that LULC type. The five Florida Water Management Districts (FWMD) maintain 2 LULC databases that collectively cover the entire state. The data source for the past and current versions of these data bases is the National Aerial Photography Programs 1:40,000 scale infrared imagery. Each LULC classification has been assigned a roughness length value by comparing sample LULC classes with aerial photographs of the same location.
The most nationally consistent and up-to-date source of land-use data in the United States is the National Land Cover
Data compiled by the Multi-Resolution Land Characteristics (MRLC) Consortium. This is a partnership of six federal environmental monitoring programs along with the EROS Data Center of the U.S. Geological Survey. Their goal was to combine their resources in purchasing Landsat satellite imag ery and to use the experience, expertise, and resources of the respective programs to generate LULC data and functional land characteristics databases for the United States. The cat egories of the MRLCLULC data have been mapped to rough ness length values using the same aerial photography approach used to assign roughness length values to the FWMDLULC data.
The Risk Management Solutions United States Hurricane Model (RMSUSHU) uses National Land Cover Data (NLCD 92), derived from high resolution satellite data, to approach the problem of accurately modeling the land terrain features and the effect of Surface roughness on wind speeds. In order to calculate the effects of Surface roughness changes on both mean and gust wind speeds, a Surface roughness database containing information on both the Surface roughness and its geographical variation is required. This is typically achieved through the use of a ground roughness database that identifies a number of different Land Use/Land Cover (LULC) types. Each land use/land cover type is subsequently mapped to a characteristic roughness length value based primarily on known classification schemes, such as open water, Snow/ barren, grassland, standard countryside, cultivated country side, forest, Suburban, high density Suburban, city center, and skyscraper.
However, seemingly small differences in design and input can significantly impact modeled losses. Hence, the choice of loss model will impact insurer pricing. The imprecision of Such modeling apparent in that for any given classification scheme, the model will assign a single roughness length value. However, industry standards indicated that for any given classification scheme, the roughness length for a par ticular classification scheme can fall within a range of values. It is further known that the AAL for a building in an area with roughness length of for example, 0.2 will be more than twice that for the same building in an area with a roughness length of 0.5. Accordingly, there is a need for an improved model to more accurately estimate the true roughness length around a particular structure in order to more accurately estimate the AAL therefor.
SUMMARY OF THE INVENTION
The present invention is based on the finding that use of imaging data of a structure of interest and its Surrounding area, and use of a three dimensional (3D) model made there from, provide for a more accurate estimation of roughness length of an area Surrounding the structure. As such, the present invention relates to a system and methods for deter mining the insurability of a structure of interest using imag ining data of the structure and its Surrounding area, 3D mod eling thereof, and use of computational fluid dynamics (CFD) simulations of wind flow through the 3D model.
In one aspect, the invention provides a method of estimat ing roughness length of an area Surrounding a structure. The 3 method includes obtaining imaging data of the structure and its Surrounding area, constructing a three dimensional model of the structure and the Surrounding area, and calculating a roughness length of the area Surrounding the structure based on the three dimensional model. In certain embodiments, the method may further include performing a computational fluid dynamics (CFD) simulation of wind flow through the three dimensional model to determine local wind speed, and using the Log Wind Profile equation and/or Lettau's formula to calculate roughness length from the local wind speed. In additional embodiments, the method further includes esti mating a plurality of additional roughness lengths of addi tional areas Surrounding the structure, wherein the step of calculating includes using a weighted average of the addi tional roughness lengths. In additional embodiments, the method further includes determining one or more of the aver age annual loss (AAL), probable maximal loss (PML), and insurance premium of the structure using the calculated roughness length. In additional embodiments, the method further includes determining the insurability of the structure. Such insurability may be determined by comparing the cal culated roughness length to a second roughness length of the area Surrounding the structure calculated from, e.g., Land Use Land Cover data, wherein if a difference between the second roughness length and the calculated roughness length falls within a threshold value chosen from the interval (-1 to 10), the structure is deemed insurable. In additional embodiments, the CFD simulation includes simulating wind coming from a plurality of directions relative to the structure and calculating a weighted average relative wind speed at the structure.
In another aspect, the invention provides a system for esti mating roughness length of an area surrounding a structure. The system includes a data storage device having imaging data of the structure and its surrounding area and program instructions, and a processor coupled to the data storage device, the processor being operable to execute the program instructions to construct a three dimensional (3D) model of the structure and its surrounding area using the imaging data, and calculate a roughness length of the area Surrounding the structure using the 3D mode. In certain embodiments, the data storage device may further include program instructions to perform a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to determine local wind speed, and calculating roughness length from the determined local wind speed using the Log Wind Profile equation. In additional embodiments, the data storage device may further include program instructions to estimate a plurality of addi tional roughness lengths of additional areas Surrounding the structure, and the step of calculating comprises using a weighted average of the additional roughness lengths. In additional embodiments, the data storage device may further include program instructions to calculate the insurability of the structure based on the calculated roughness length. In additional embodiments, the data storage device may further include program instructions to determine one or more of the average annual loss (AAL), probable maximal loss (PML), and insurance premium of the structure using the calculated roughness length. In additional embodiments, the data Stor age device may further include program instructions to simu late wind coming from a plurality of directions relative to the structure and calculating a weighted average relative wind speed at the structure based on the simulated wind and the CFD simulation.
In another aspect, the invention provides a computer-read able storage medium storing instructions, which, when executed by a processor of a server, cause the server to: obtain imaging data of a structure and its surrounding area, construct a three dimensional (3D) model of the structure and its sur rounding area, and calculate a roughness length of the area Surrounding the structure using the 3D model. In certain embodiments, the computer-readable storage medium may further include instructions, which when executed, cause the server to: perform a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to determine local wind speed and calculate roughness length from the determined local wind speed using the Log Wind Profile equation. In additional embodiments, the computer-readable storage medium may further include instructions, which when executed, cause the server to estimate a plurality of additional roughness lengths of additional areas Surrounding the structure and calculate roughness length of the structure using a weighted average of the additional roughness lengths. In additional embodiments, the computer-readable storage medium may further include instructions, which when executed, cause the server to calculate the insurability of the structure based on the calculated roughness length. In addi tional embodiments, the computer-readable storage medium may further include instructions, which when executed, cause the server to determine one or more of the average annual loss (AAL), probable maximal loss (PML), and insurance pre mium of the structure using the calculated roughness length. In additional embodiments, the computer-readable storage medium may further include instructions, which when executed, cause the server to configure a wind-storm simula tion through the 3D model and calculate the insurance pre mium of the structure based on the wind-storm simulation and the calculated roughness length.
In yet another aspect, the invention provides a method of calculating local wind speed at a structure. The method includes obtaining imaging data of the structure and its Sur rounding area, constructing a three dimensional model of the structure and the Surrounding area, and performing a compu tational fluid dynamics (CFD) simulation of wind flow through the 3D model to calculate wind speed. In certain embodiments, the step of performing a CFD simulation includes simulating wind coming from a plurality of direc tions relative to the structure and calculating a weighted aver age relative wind speed at the structure. In additional embodi ments, the method steps are implemented using a computer processor.
In yet another aspect, the invention provides a method of estimating wind pressure on a structure. The method includes obtaining imaging data of the structure and its Surrounding area, constructing a three dimensional model of the structure and the Surrounding area, performing a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to estimate wind speed, and calculating wind pressure on the structure using the estimated wind speed and the imag ing data of the structure. In certain embodiments, the step of performing a CFD simulation includes simulating wind com ing from a plurality of directions relative to the structure and calculating a weighted average relative wind speed at the structure. In additional embodiments, the method steps are implemented using a computer processor.
In yet another aspect, the invention provides a method of determining the insurability of a structure. The method includes obtaining imaging data of the structure and its Sur rounding area, constructing a three dimensional model of the structure and the Surrounding area, calculating a roughness length of the area Surrounding the structure based on the three dimensional model, and comparing the calculated roughness length to a roughness length of the area Surrounding the structure calculated from Land Use Land Cover data. In cer tain embodiments, a difference between the second rough US 8,775,220 B2 5 ness length and the calculated roughness length that falls within a threshold value chosen from the interval (-1 to 10) is indicative of the insurability of the structure. In certain embodiments, the method further includes performing a com putational fluid dynamics (CFD) simulation of wind flow through the three dimensional model to determine local wind speed, and using the Log Wind Profile equation and/or Let tau's formula to calculate roughness length from the local wind speed. In additional embodiments, the method further includes determining one or more of the average annual loss (AAL), probable maximal loss (PML), and insurance pre mium of the structure using the calculated roughness length.
In all aspects, the imaging data may include light detection and ranging (LIDAR) data, aerial photography data, satellite photography data, and any combination thereof. Calculating roughness length may be accomplished by use of the three dimensional model and Lettau's formula. In certain embodi ments, the insurability of the structure may be determined by comparing the calculated roughness length to a roughness length of the area Surrounding the structure calculated from Land Use Land Cover data. In additional embodiments, the insurability of the structure may be calculated by comparing the calculated roughness length to a threshold value. In addi tional embodiments, the insurability of the structure may be calculated using the three dimensional model to determine the number of trees having a height greater than a distance from the base of the respective tree to the structure, and comparing the number of determined trees to a threshold value. In additional embodiments, the insurability of the structure may be calculated by comparing the calculated roughness length to a second roughness length calculated from Land Use Land Cover data.
In all aspects, the AAL, PML, or insurance premium of the structure may be determined by configuring a wind-storm simulation through the 3D model with the calculated rough ness length. In certain embodiments, the AAL, PML, or insur ance premium of the structure is determined by modifying an existing AAL, PML, or insurance premium using the calcu lated roughness length. In additional embodiments, the exist ing AAL, PML, or insurance premium is modified by multi plying by a monotonically decreasing function of the calculated roughness length. In additional embodiments, the existing AAL, PML, or insurance premium is modified by a function of the calculated roughness length. In additional embodiments, the AAL, PML, or insurance premium for the structure is determined by using the 3D model to determine tree density and tree height of the Surrounding area, and configuring a wind-storm simulation using the calculated tree density and tree height.
In all aspects, tree data may be used in the calculations provided herein. In certain embodiments, the tree data includes the number and size of trees in the Surrounding area.
In additional embodiments, the tree data further includes the number of trees having a height greater than a distance from the base of the respective tree to the structure. In additional embodiments, the tree data further includes tree density and tree height of trees in the area surrounding the structure.
In all aspects, the method steps described herein may be implemented using a computer processor. FIG. 12 is a flow chart illustrating an exemplary process implemented by the system for estimating roughness length ofan area Surrounding a structure and/or estimating the insur ability of the structure.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is based on the finding that use of imaging data of a structure of interest and its surrounding area, and use of a three dimensional (3D) model made there from, provide for a more accurate estimation of roughness length of an area Surrounding the structure.
Before the present system and methods are described, it is to be understood that this invention is not limited to particular methods and experimental conditions described, as Such methods and conditions may vary. It is also to be understood that the terminology used herein is for purposes of describing particular embodiments only, and is not intended to be limit ing, since the scope of the present invention will be limited only in the appended claims.
As used in this specification and the appended claims, the singular forms "a", "an', and "the include plural references unless the context clearly dictates otherwise. Thus, for example, references to "the method' includes one or more methods, and/or steps of the type described herein which will become apparent to those persons skilled in the art upon reading this disclosure and so forth.
The term "comprising." which is used interchangeably with "including." "containing," or "characterized by is inclusive or open-ended language and does not exclude addi tional, unrecited elements or method steps. The phrase "con sisting of excludes any element, step, or component not specified in the claim. The phrase "consisting essentially of limits the scope of a claim to the specified components or steps and those that do not materially affect the basic and novel characteristics of the claimed invention. The present disclosure contemplates embodiments of the invention sys tem and methods corresponding to the scope of each of these phrases. Thus, a method comprising recited elements or steps contemplates particular embodiments in which the method consists essentially of or consists of those elements or steps.
Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly understood by one of ordinary skill in the art to which this invention 7 belongs. Although any methods and components similar or equivalent to those described herein can be used in the prac tice or testing of the invention, the preferred methods and materials are now described.
There are two basic questions that need to be answered to estimate economic loss distributions for a property: (1) What is the annual wind speed exceedance probability distribution at the property's location?; and (2) What are the likely losses for this building type as a function of wind speed? The loss distributions can be calculated from these two functions. As a simple illustration, FIG. 1 shows a typical wind speed exceed ance distribution and FIG. 2 shows a sample loss function for aparticular structure. It should be understood that "loss ratio." as used in this example, refers to the losses as percentage of total building value. As used herein, the term "structure' and "structure of interest" are used interchangeably to refer to any building or edifice for which a user may seek insurance. As such, the term "structure' is contemplated to include, but is not limited to, a building, a shop, house, development, or complex. Also encompassed by the term "structure' is a plu rality of any Such exemplified buildings.
Thus, when used for calculating loss distributions, Average Annual Loss (AAL), and Probable Maximal Loss (PML) for a property, catastrophe models essentially boil down to esti mating these two distributions. As used herein, "Average Annual Loss" or 'AAL' refers to the expected loss to a given structure or property per year from a catastrophic event and its annual rate, Summed over all events that cause a loss. Based on cumulative rates of occurrence, an exceedance probability (EP) curve may then be generated, as shown in FIG. 1. It is important to note how a relatively small change in wind speed can have a large impact on loss ratio. For example, FIG. 2 shows that increasing the wind speed from 100 mph to 120 mph almost triples the expected loss ratio.
Once the insurer has determined at what point along the EP curve consideration of risk financing options should start, the next question is to determine the amount of financial protec tion desired. Companies often determine the amount of risk to retain and which risks to finance based on the concept of Probable Maximal Loss (PML). As used herein, "Probable Maximal Loss' or "PML refers to a measure of risk corre sponding to the largest loss the structure can reasonably be expected to experience due to a catastrophic event.
Within known catastrophe model simulations, there are many parameters that can affect the shape of the two distri butions, as shown in FIGS. 1 and 2. One of the most important is a parameter called roughness length, often denoted Z. which is a function of the height and spacing of the buildings, trees, and other obstructions on the ground Surface Surround ing the structure of interest. Without being bound by theory, the basic concept is simple: obstacles, such as buildings and trees (usually) slow down the wind. The number, size, and density of such obstacles upwind from a structure will greatly affect the actual wind speeds and damage experienced by the structure. Thus, as the ground Surface becomes rougher, the wind speeds near the ground decrease, although the upper level wind speed remains the same. The wind loads experi enced by structures located in a typical Suburban, treed, or urban environment are much lower than those experienced by buildings located in relatively unobstructed regions such as waterfront and open field locations. The wind loads experi enced by one-and two-story structures located in forested areas may be as low as one half of those experienced by similar structures located in open environments.
Numerous studies have been performed over the last sev eral decades attempting to categorize Zo using Surface expo Sure descriptions. However, to date, no consistent agreement Table 1 , it's clear that both of these values fall well inside the range of roughness lengths encountered in "Commercial land use areas. How ever, in a 140 mph hurricane, the expected losses from the former are approximately 2.5 times higher than the latter.
As can be contemplated, trees have a very nonlinear effect on wind storm losses. In some situations, trees around a building provide a buffering effect and significantly reduce wind loads and losses. However, in a severe catastrophic event, fallen trees and limbs can cause major losses. There is evidence that, due mostly to traditional reporting practices, damage from trees in hurricanes is dramatically under-esti mated by most insurers. For example, a claim from Hurricane Ike, where a tree fell on a house is illustrative. The cost to remove the tree from the home was $2,500, the cost to repair the home was $35,000, and the cost to remove the tree and building debris was $1,800. In the insurer's database, there was a S39,300 "wind/storm damage' claim where S1,800 was sub-classified as debris removal. Although the proximate cause of the claim was a fallen tree, that information was not captured anywhere in the claims database. A study by the Ohio Insurance Institute found that of the 100,000+ claims and S550M in damage caused by Hurricane Ike, over 50% were caused by fallen trees. Similarly, an insurance agency in Houston estimated that 40% of claims filed for Hurricane Ike were due to fallen trees. Another study of a large insurer's claims from Hurricane Bob in 1991 found that 50% of structural losses were due to fallen trees and limbs. These studies provide strong evidence that structures with large trees within striking distance have significantly higher loss costs than those without.
Damage from trees is usually simulated by using tree density estimates in an area coupled with blowdown prob ability functions. Similar to roughness length, "tree density' is commonly estimated from government LULC databases at a census tract or zip code level. While tree density over a tract or zip code level is correlated with tree damage, the majority of tree damage is caused by trees or limbs that actually fall on a structure. Thus, knowing the number and size of trees that are within Striking distance of a building or structure will enable much more precise estimates of the tree damage com ponent of AAL.
Mathematical simulation of hurricanes is the most accepted approach for estimating wind speeds for the design of structures and assessment of hurricane risk. The basic approach in all previously published hurricane simulation studies is the same in that site specific statistics of key hurri cane parameters (including central pressure difference (Ap). Holland pressure profile parameter (B), radius to maximum winds (R), heading (0), translation speed (c), and the coast crossing position or distance of closest approach (d) are first obtained. Given that the statistical distributions of these key hurricane parameters are known, a Monte Carlo approach is used to sample values from each of the aforementioned distributions and a mathematical representation of a hurri cane is passed along the straight line path, satisfying the sampled data, while the simulated wind speeds are recorded. (See, Hazus-MH 2.0 Technical Manual, FEMA, fema.gov/ plan/prevent/haZus, which is incorporated herein by refer ence in its entirety). When coupled with the wind field model, hurricane wind speeds can be computed at any point along or near the hurricane coastline. The model is able to reproduce the continually varying hurricane statistics along the US coastline, and can treat multiple landfalling Storms, by-pass ing storms, storm curvature and reintensification in cases where the storm re-enters the water before making a second or third landfall.
Accordingly, the present invention provides a method of calculating the insurability of a structure. The method includes obtaining imaging data of the structure and its Sur rounding area, constructing a three dimensional (3D) model of the structure and its surrounding area, calculating a rough ness length of the area Surrounding the structure based on the three dimensional model, and comparing the calculated roughness length to a roughness length of the area Surround ing the structure calculated from Land Use Land Cover data to thereby calculate the insurability of the structure.
Exemplary imaging data of a particular structure and its Surrounding area includes, but is not limit to Light Detection And Ranging (LIDAR) data, aerial photography data, satel lite photography data, and any combination thereof, for the area Surrounding the geographic location of interest. As used herein, "Light Detection and Ranging or "LIDAR refers to an optical remote sensing technology that can measure the distance to, or other properties of a target by illuminating the target with light, often using pulses from a laser. LIDAR uses ultraviolet, visible, or near infrared light to image objects and can be used with a wide range of targets, including non metallic objects, rocks, rain, chemical compounds, aerosols, clouds and even single molecules. A narrow laserbeam can be used to map physical features with very high resolution. Thus, when LIDAR equipment is attached to an airplane, as shown in FIG. 4 , data about the three dimensional (3D) structure of the earth, buildings and trees can be gathered. One or more aerial or satellite photographs can also be used to determine the 3D structure of the natural and built environment Sur rounding the structure.
It should be understood that the imaging data may be obtained from any of various governmental databases. The aerial photography available for the Florida Panhandle area is Even with the help of aerial photos, it is still not trivial to define the mapping function for each land use category due to numerous factors affecting the roughness length, including primarily, the size, shape, density, and distribution of the Surface obstacles and the upwind fetch distances. Thus, in many circumstances it would be preferable to obtain current/ accurate imaging data directly from a LIDAR-equipped air plane, aerial photographs, and/or satellite photographs.
Using the imaging data of the structure and its Surrounding area, a 3D model of the structure and its Surrounding area may then be constructed using specialized software in a computer and/or processor. in FIG. 7 indicates the relative wind speed at a height of 10 m for wind coming from the east. It is readily apparent that some buildings experience winds that are only 20%-30% of the "open-terrain' wind speed, while others experience wind speeds 90% of the open terrain wind speed. By converting relative wind speeds to roughness length (as demonstrated in Example 1, below), it can be seen that the effective roughness length over this small area for wind from the east ranges from as low as 0.3 to as high as 2.0. This translates into damage estimates that differ by over 300%. By running CFD simulations with the wind coming from several different directions, a weighted average relative wind speed for a particular location can be calculated, and from that relative wind speed, a roughness length can be calculated. The composite roughness length for the area shown in FIG. 7 ranges from 0.3-0.9.
Roughness length may be calculated by any of various known equations. For example, given two wind speeds V1 and V2, at two different heights h1 and h2, an effective roughness length Zo can be calculated by the following form of the Log Wind Profile equation: (II) This roughness length value, however, is still an underes timate of the real roughness length because the CFD simula tions implicitly assume that there is open-terrain (i.e., an extremely low roughness length) upwind of the simulated area. To adjust for this, a roughness length is calculated for a much larger area using a 3D model (similar to the one shown in FIG. 6) using Lettaus formula:
where H is the average height of obstacles (e.g., trees, build ings, land masses, etc.) in an area, S is the total frontal Surface area of all obstacles "seen by the wind (measured in the Vertical-crosswind-lateral plane), and A is the total ground area. (Lettau, H., 1969: Note on aerodynamic roughness parameter estimation on the basis of roughness-element description. Appl. Meteorol. 8, 828-832, incorporated herein by reference). The three parameters H. S., and A can be cal culated directly from the 3D model for various wind direc tions. Thus, it is easy to demonstrate that different instances of geographic areas with the same LULC classification have very different roughness lengths when calculated via Lettau's formula.
Other formulas similar to Lettau's formula may be used to calculate the roughness length directly from the 3D model. For example, the following formula could be used:
where his the Volumetrically averaged building height, Z is the Zero displacement height, K is von Karman's constant (0.4), C, is the isolated obstacle drag coefficient (0.8) and 1 is the frontal area density. Z. may be calculated as follows:
where 1 is the plan area density.
When trees or bushes are present, not only must their contribution to the frontal area affecting wind speed be con sidered, but also their potential to cause damage to the build ing. Accordingly, using the 3D model prepared herein, the number and size of the trees within a given distance of the structure of interest may be ascertained. However, such infor mation may also be obtained from relevant governmental databases. In addition, the 3D model may also be used to determine the number of trees having a height greater than the distance from the base of the respective tree to the structure. This number of trees may then be used to modify the loss distribution or determine the insurability of the structure by configuring a catastrophe model with the more precise esti mates or comparing them to less precise estimates Such as those from the United States Forest Service's Forest Inven tory Analysis (FIA) database or the Multi-resolution Land Characteristics (MRLC) land cover database.
Wind loads on buildings are usually estimated using either boundary layer wind tunnel tests performed for a specific building or using code-specified loads that have been devel location where the building is to be built. Using this approach, the design loads obtained for the building take into account the effect of the variation of the wind loads with the direction of the approaching wind, and how these variations in load with direction align with the directional characteristics of the wind. The magnitudes of the wall pressures used for model ing wind loads for the prediction of wind induced failures of components and cladding were derived considering the pres Sure coefficients given in North American wind loading stan dards and/or codes. Exemplary standards/codes considered in the development of wind loads include, but are not limited to, American Society of Civil Engineers (ACSE) guidelines, such as ACSE-7-05 and ASCE-7-95, guidelines from the Southern Building Code Congress International (SBCCI), and guidelines from the National Building Code of Canada. Wind induced damage to high-rise buildings is currently modeled as being associated with wind induced failure of components (i.e., windows) and damage to windows caused by windborne debris. The maximum magnitudes of the direc tionally dependent exterior cladding pressure load model are set equal to the peak values given in ASCE-7-02, and infor mation on directionality was derived using data given in Djakovich (1985) The effect of wind directionality is taken into account using available wind tunnel data, scaled (or truncated) to ensure the maximum values of the pressures are equivalent to the code specified values. The reduction in the roof loads associated with decreased wind speeds caused by increasing Surface roughness is lessened through the use of a turbulence inten sity adjustment factor, which yields a final reduction in wind loads comparable to that specified in, for example, ASCE-7-95. However, such commonly used techniques still remain inaccurate.
Accordingly, in another aspect, the invention provides a method of calculating local wind speed at a structure. The method includes obtaining imaging data of the structure and its Surrounding area, constructing a three dimensional model of the structure and the Surrounding area, and performing a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to estimate wind speed. It is important to note that there are well known relationships between roughness length, wind speed, and wind pressure on a struc ture to those skilled in the art. As such, calculating a more precise roughness length can be converted to a more precise wind speed estimate (or vice versa), or a more precise wind pressure estimate.
In yet another aspect, the invention provides a method of estimating wind pressure on a structure. The method includes obtaining imaging data of the structure and its Surrounding area, constructing a three dimensional model of the structure and the Surrounding area, performing a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to estimate wind speed, and calculating wind pressure on the structure using the estimated wind speed and the imag ing data of the structure.
Catastrophe models configured with the more precise roughness calculated by the current method can also be used to estimate the entire loss distribution and other measures of the loss distribution such as probable maximal loss (PML) for various return periods. One or more of these additional mea 13 Sures may be used to calculate an insurance premium for the property. For example, a total premium is sometimes calcu lated as a sum of the AAL and a function of the structure loss distribution that estimates the additional cost of capital required to cover larger than average losses. 5
Premium=AAL+ftstructure loss distribution, portfolio loss distribution, industry loss distribution)
The actual calculation of f(structure loss distribution, portfo lio loss distribution, industry loss distribution) can be com-10 plex, however the various methods for doing so are known to those skilled in the art. However, without being bound by theory, such a function takes into account the estimated struc ture loss distribution, portfolio loss distribution, and industry loss distribution over a given period of time. 15 In addition to configuring catastrophe models with a more precise roughness length to directly calculate AAL, PML. other measures of the loss distribution, or premium, existing estimates of those parameters may be modified using the more precise roughness length calculated by the current 20 method. More specifically, the parameters may be modified by a function f(existing parameter, existing roughness length, new roughness length) that maps the existing parameter esti mate to a more precise estimate. For example, if an insurer has a proprietary method that determines the AAL for the struc-25 ture in the above example to be S1.00, that AAL could be modified directly as follows:
New AAL=$1.00*1/log(4.6/0.41) where 4.6 is the more precise roughness length estimate and 30 0.41 is the less precise estimate from the LULC database. While 1/log(precise roughness length/original roughness length) is one function that may be used to map existing parameter estimates to more precise ones, many related func tions may be used to effect the mapping. Those functions will 35 share the following properties:
(1) As roughness length increases, AAL, PML, premium, and other related measures of the loss distribution decrease.
(2) As roughness length increases, the effect of an incre mental increase in roughness length on AAL, PML, premium, 40 and other related measures decreases.
In addition to modifying loss distribution measures using the roughness length calculated by the methods described herein, the insurability of the structure (i.e., the decision of whether or not to insure the structure) may also be determined 45 directly from the calculated roughness length. A determina tion of insurability of a structure may thus be made by com paring the calculated roughness length to a second roughness length that is determined using, e.g., LULC data. If the dif ference in the calculated roughness length and the second 50 roughness length is less than a threshold value chosen from the interval (-1 to 10), (i.e., -1, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 , and any fraction thereof), then the structure may be deemed uninsurable depending on the risk appetite of the insurer. For example, if the calculated (i.e., more precise) estimate of the 55 roughness length is more than 0.1 lower than a less precise estimate of the roughness length, the structure may be deemed uninsurable. Alternatively, if the roughness length of the structure is below a certain value (e.g., 0.2), the structure may be deemed uninsurable. Thus, such modifications may 60 be made by comparing the calculated roughness length to a threshold value, or by comparing the difference between the calculated roughness length and a second (less precise) esti mate of the roughness length to a threshold value.
In addition to using the 3D model to calculate a more 65 precise roughness length, the 3D model may also be used to calculate more precise estimates of the number and size of 14 trees located within a given distance from the building. Analogous techniques to those described above for roughness length can be used to modify loss distributions and determine insurability based on the more precise tree parameter esti mates from the 3D model. Consequently, the techniques described above for modifying AAL, PML, and other mea sures of the loss distribution could be done using wind speed or wind pressure instead of roughness length. Once wind speed and/or wind pressure are estimated, a traditional wind storm simulation model can be configured using the rough ness length and tree data described above.
The exemplary embodiments described herein can be used with computer hardware and software that perform the meth ods and processing functions described above. Exemplary computer hardware include Smartphones, tablet computers, notebooks, notepad devices, personal computers, personal digital assistances, and any computing device with a proces sor and memory area. As will be appreciated by those having ordinary skill in that art, the systems, methods, and proce dures described herein can be embodied in a programmable computer, computer executable Software, or digital circuitry. The software can be stored on computer readable media. For example, "computer-coded," "software." "scripts." "com puter-readable software code, and "programs' are software codes used interchangeably for the purposes of simplicity in this disclosure. Further, the term "machine-readable medium may include a single medium or multiple media (e.g., a centralized or distributed database, and/or associated caches and servers) that store the one or more instructions.
The term "machine-readable medium' shall also be taken to include any tangible medium that is capable of storing, encoding or carrying instructions for execution by the machine and that cause the machine to perform any one or more of the methodologies of the present invention, or that is capable of storing, encoding or carrying data structures uti lized by or associated with such instructions. The term "machine-readable medium' shall accordingly be taken to include, but not be limited to, Solid-state memories, and opti cal and magnetic media. Specific examples of machine-read able media include non-volatile memory, including by way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic disks such as internal hard disks and removable disks; magneto-optical disks; and CD-ROM and DVD-ROM disks.
With reference now to FIG. 11 , the present invention also provides a system 200 for estimating roughness length of an area surrounding a structure. The system includes one or At least one applications server 204, at least one database server 204, and at least one user interface 206 provide the primary functionality of the present invention via a multi tiered architecture. However, it should be understood that the applications server and the user interface may be the same machine. The applications server 204 operates as the business logic tier, or middle tier, by coordinating the applications, process commands, and logical decisions and evaluations that provide the functionality of the present invention. The appli cations server 204 also moves and processes data between the database server 202 and the user interface 206. The database server 202 operates as the data tier, or lower tier, by utilizing a database computer language (e.g., Structured Query Lan guage (SQL), Extensible Markup Language (XML), etc.) to store and retrieve the data required to provide the functional ity of the present invention in a relational database manage ment system (RDBMS). And the user interface 206 operates as the presentation tier, or uppertier, by providing a graphical user interface that translates tasks and results into information a user can understand. The user interface 206 also provides a mechanism for a user to manually input data into the system 200. That multi-tiered architecture improves scalability and Supports cost-efficient application building. And although a separate database server 202 is described as operating the data tier, it should be understood that the applications server 204 may operate the data tier instead of the database server 202 without departing from the spirit of the invention.
The applications server 204 is integrated or interfaced with the one or more database servers 202 to facilitate the exchange of data between the applications server 204, the one or more database servers 202, and the one or more user interfaces 206. For example, the applications server 204 may use an automated process to identify and extract the various imaging data available from governmental databases regard ing LULC information of a given area Surrounding a structure of interest. The applications server 204 may also use an auto mated process to extract specific data about a structure of interest in order to determine the insurability of the structure. The applications server 204 may also use the extracted data regarding the specific structure to construct a three dimen sional (3D) model of the structure and its Surrounding area using the imaging data and to perform a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to determine local wind speed. In addition to or as an alternative to those automated processes, a user may also obtain various data from those databases via manual access techniques (e.g., browsing web pages and downloading data, browsing web pages and/or electronic documents and cutting and pasting data, etc.). The functionality of the system of the present invention is preferably provided using web-based applications. In that way, a user (e.g., broker, account manager, administrator, etc.) can access the functionality of the system via a user interface 206 (e.g., personal computer, laptop computer, per Sonal digital assistant (PDA), Smartphone, etc.) using indus try standard web browsers (e.g., the CHROME brand web browser from Google, Inc., the FIREFOX brand web browser from the Mozilla Foundation, the INTERNET EXPLORER brand web browser from the Microsoft Corporation, etc.). Preferably, the functionality of the present invention is accessed via a user interface 206 using a secure communica tion protocol (e.g., Hypertext Transfer Protocol Secure (HT TPS), Internet Protocol Security (IPsec), DatagramTransport Layer Security (DTLS). Secure Socket Tunneling Protocol (SSTP), etc.) so as to protect the applications server 204 and database servers 202 from unauthorized access.
FIG. 12 is a flow chart illustrating an exemplary process implemented by the system of the present invention to esti mate the roughness length of an area Surrounding a structure of interest and/or estimate the insurability of the structure itself. At step S300, a user defines the specific coverage that the customer needs and/or desires by inputting various parameters into the applications server 202 via user interface 206. For example, the user can input the address of the struc ture of interest, the customer's business type, etc. At step S302, the applications server 204 imports specific informa tion about the structure and its Surrounding area from various governmental databases. At step S304, the applications server 204 imports relevant LULC data from various governmental databases. At step S306, the applications server 204 imports imaging data of the structure and the area Surrounding the structure from various governmental databases. In certain embodiments, the applications server 204 will also import tree data regarding the number and size of trees in the Sur rounding area.
As discussed above, at step S308, the applications server 204 constructs a 3D model of the structure and its surrounding area using the imaging data. At step S310, the applications server 204 performs a computational fluid dynamics (CFD) simulation of wind flow through the 3D model to determine local wind speed. At step S312, the roughness length of the structure is calculated from the determined local wind speed using the Log Wind Profile equation and/or Lettau's formula. The applications server 204 may further import relevant tree data regarding the number and sizes of trees in the Surround ing area (S316). In certain embodiments, step S312 also includes estimating a plurality of additional roughness lengths of additional areas Surrounding the structure, and the calculated roughness length is a weighted average of the additional roughness lengths. In certain embodiments, step S312 also includes comparing the calculated roughness length to a second roughness length calculated from the Land Use Land Cover data.
At step S314, the applications server 204 then determines if the structure is insurable as discussed above, and in accor dance with the qualifications and risk appetite of the insuring company. If it is determined that the structure is insurable, the applications server 204, may then determine one or more of the average annual loss (AAL), probable maximal loss (PML), and insurance premium of the structure using the calculated roughness length (S316). If it is determined that the structure is not insurable, then the applications server 204 prompts the user via the user interface 206 to take appropriate action.
As discussed above, the method steps described herein may be performed by any computer hardware. As will be appreciated by those having ordinary skill in that art, the systems, methods, and procedures described herein can be embodied in a programmable computer, computer executable software, or digital circuitry. The software can be stored on computer readable media. Accordingly, in another aspect, the invention provides a computer-readable storage medium Stor ing instructions, which, when executed by a processor of a server, cause the server to: obtain imaging data of a structure and its Surrounding area, construct a three dimensional (3D) model of the structure and its Surrounding area, and calculate a roughness length of the area Surrounding the structure using the 3D model, as described above.
The following examples are intended to illustrate but not limit the invention. EXAMPLE 1.
To illustrate the difference in Average Annual Loss (AAL) estimates that can occur as a result of using inaccurate rough ness length parameters, two different AAL's will be calcu lated for an exemplary building in Miami, Fla. The first will use the industry standard Land Use/Land Cover (LULC) to estimate roughness length. The second will use the method ology of the present invention. The Federal Emergency Man agement Agency's (FEMA) HAZUS 2.0 hurricane simula tion software will be used in both cases. Although other catastrophe models may give different absolute AAL esti mates, the relative difference in the estimates between the two roughness length estimation methods would be similar.
Considera specific 2-story multi-unit wood frame building (100), as shown in FIG. 8 . The relevant building specifica tions for the hurricane simulations are provided in Table 2 . Using LULC to Calculate Roughness LengthUsing the Florida Water Management District LULC data base, FEMA's HAZUS 2.0 software assigns a roughness length of 0.41 to the census tract where this building is located. Running a 100,000 year simulation with this rough ness length yields an AAL of S1.19 (per S100 of building value.
Using the Methods of the Present Invention to Calculate Roughness Length-
The methodology provided herein is based on the follow ing four steps:
(1) Retrieve LIDAR data for the area surrounding the building of interest;
(2) From the LIDAR data, automatically construct a 3D model of the buildings, trees, and terrain; (3) For the area closest to the building, run a computational fluid dynamics (CFD) simulation to estimate wind speeds at roof level. From these wind speeds, calculate an equivalent roughness length; and (4) For a wider geographic area, use the 3D model to calculate a roughness length using the widely accepted Let tau's formula. Combine with the local roughness length cal culated in (3) to calculate an effective roughness length for the building of interest.
The entire 3D model created in steps (1) and (2) For the wind speed at the building of interest, the effective roughness length is therefore:
ze(100-inc20-60 in 100) (100-60) This roughness length value, however, is still an underes timate of the real roughness length because the CFD simula tions implicitly assume that there is open-terrain (i.e., an extremely low roughness length) upwind of the simulated where H is the average height of obstacles in an area, S is the total frontal surface area of all obstacles "seen" by the wind (measured in the vertical-crosswind-lateral plane), and A is the total ground area. In practical situations, the HS term is split into one for buildings, and one for trees, with a porosity of 0.5 usually used for the latter. Also, since S is different for different wind directions, an S value averaged over several wind directions is used. For the four square kilometer area around the building (100) of interest (not including the CFD simulation area), the following parameters were calculated, thereby allowing for the calculation of an estimated rough ness length from the 3D model: With an estimated roughness length in a larger area around the building, the roughness length calculated in the CFD simulation can then be adjusted. In the original CFD rough ness length calculation, the wind speed at a height of 100 m was assumed to be 100% of the open-terrain wind speed. Using Zo-0.71 and the following formula: (III) it can be seen that the wind speed at 100 m over the area in the CFD simulation is 88% of the open-terrain wind speed. Like wise, the speed at 20 m is 42% of the open-terrain wind speed. These corrections yield the following overall effective rough ness length for the building of interest:
z-88-inc20-402-inc10oy(88-42) Zo 4.6 Running a 100,000 year probabilistic simulation with this roughness lengthyields an AAL of S0.47. Recall that the AAL calculated using the less precise LULC roughness length method was $1.19, which is over 200% higher.
It is interesting to note that simply moving the building (100) of interest 200 meters north, where it would be much less shielded from other buildings, yields an AAL of S1.27, which is higher than the LULCAAL estimate. This highly local variation in wind patterns in urban and Suburban envi ronments is very common, and is the underlying basis which allows the methodology of the present invention to accurately estimate the AAL of a structure.
Although the invention has been described with reference to the above example, it will be understood that modifications and variations are encompassed within the spirit and scope of the invention. Accordingly, the invention is limited only by the following claims.
